It is common sense that the possibility of a rockfall increases after an intense rainfall and it is well documented that rainfalls accelerate earth surface displacements such as landslides and rockfalls. This qualitative correlation is highly affected by the geology and climate condition of the area under consideration.
INTRODUCTION
Landslides, rockfalls and changes in slope stability are highly affected by the hydrology of the slope. Rainfall infiltration is a critical process that controls changes in slope hydrology and is significantly influenced by the soil properties, geology and climate. The infiltration increases saturation and causes fluid flow, threatening slope stability. Slope stability analyses based on the limit equilibrium methods cannot simulate this combined effect of rainfall properly, according to Borja, 2009 [1] . Nevertheless, an alternative analysis approach based on continuum modeling is presented by Borja, 2009 [1] that appears more suitable to simulate landslide and debris flow initiation in initially unsaturated slopes.
Some of the mechanisms and environmental factors that induce slope instability due to rainfall infiltration in shallow soils are: the increase of pore water pressure due to infiltration from the surface, the rise of the water table, the seepage forces, the contraction in loose soils which increases the pore pressure and leading to liquefaction, the rapid drainage of water and the erosion along pipeflow [2] . All the above mechanisms of slope instability are influenced by rainfall intensity. In order to predict such slope instability incidents, rainfall thresholds should be comprised in a landslide/rockfall early warning system. Two major types of rainfall thresholds can be established one from empirical observations and another from physical modeling. Empirical observations are based on statistical analysis and correlation between rainfalls and landslide events. Physical thresholds are based on hydrologic and stability models, which relate rainfalls with pore pressures and slope stability [3, 4] . Several attempts have been made to generate relationships between the triggering factors of landslides and/or rockfall events, such as rainfall intensity and duration [5] [6] [7] . Comparison by many authors has shown that the threshold values vary in different climatic regions and geologic conditions [4] .
In this paper, the influence of the rainfall magnitude affecting slope movement is evaluated based on data obtained by a slope monitoring network. Prism monitoring targets were installed on the slopes and movement measurements were recorded for one year period and critically evaluated. Rain data were collected from two different stations and their location in relation to the slope is also examined. The velocity of slope movement is correlated with the accuracy of the instrument used and the time gap between rain measurement data.
CORRELATION BETWEEN PRECIPITATION AND SLOPE MOVEMENTS
The Mavropigi mine is located in Northern Greece and is very important for the power supply of Greece. Due to the observed movement on the southwest slopes, with an average rate of movements (velocity) of 10-20mm/day [8] , prism monitoring targets have been installed in order to measure surface movements. Targets from two areas have been examined; the area of the "A" Conveyors on the south slopes and the area of the "B" Conveyors on the southwest slopes ( Fig. 1) . In this paper only the rain influence on the slope movement is evaluated. The slope instability mechanism was presented by Kavvadas et al. (2013) [8] . The prism targets selected for the area of the "A" Conveyors are 4a, 4a.4., sta_3an, sta_4an, sta_5an, 5a.4. (Fig. 1) and their relative displacement against a stable point was measured using a robotic total station with an average time gap of 1-3 days. Figures 2 and 3 show vector displacements and velocity versus time according to these field measurements for the period between 01/04/2014 to 16/01/2015. In the same graphs precipitation is included for the same dates. • On 26/05/2014 the precipitation was 25.4 mm. The velocity of station 5a.4. was 2.7 mm/day for the previous 105 days (from the date that monitoring was launched) prior to the rainfall and the vector displacement was 309 mm. Two days after the rainfall the vector displacement increased to 353 mm, corresponding to an average daily movement of 22.8 mm/day. For the following 33 days (until the date that monitoring of this particular target was completed) the vector displacement recorded was 560 mm and the average daily movement decreased to 5.9 mm/day.
• On 13/09/2014 the recorded precipitation was 24.8 mm. Monitoring for the sta_5an target was launched 2 days before the rainfall event on 11/09 and on 12/09 the velocity was 13.9 mm/day. Two days after the rainfall event the vector displacement reached 75.1 mm and the mean daily movement increased to 20.4 mm/day and remained high during the following 2 days. Then, the mean daily movement decreased to 9 mm/day for 35 days and the vector displacement reached a total value of 443 mm.
• On 02/12/2014, the recorded precipitation was 43.4 mm. The sta_5an target had a mean daily movement 14.3 mm/day for the previous 9 days and the vector displacement recorded was 1058 mm. The day after the rainfall a significant rise on vector displacement is observed with a velocity of 462 mm/day and a vector displacement of 1982 mm. Velocity remains high for the next 8 days and equal to 89 mm/day. Then, for 36 days, until the date that monitoring was completed on 16/01/2015, the average velocity decreases to 7.6 mm/day and the vector displacement is 2961 mm.
Comparing either the displacements or the velocities with the precipitation values, a significant increase of movement is observed when precipitation above 15 mm is recorded, while this impact is accelerated when daily precipitation exceeds 40mm. The highest vector displacement is 2961 mm in 127 days (i.e., 11.09.2014-16.01.2015) at the sta_5an target and the mean daily movement for the target ranges from 8 to 14 mm/day before and after the heavy rainfall event, whereas during the rainfall period an average velocity of 89 mm/day is observed.
Based on the present evaluation, a direct interaction between precipitation and daily movement is observed. Every intense rainfall event (>15 mm) is accompanied by an abrupt increase in the rate of movements. A characteristic example is the change in the rate after 02/12/2014. From the evaluation of all displacements, a time lag of 1 -2 days is detected in the response of slope movement to the intense rainfall events.
Furthermore, the time-dependent deformation behavior is in accordance with the findings presented by Zavodni, 2000 [9] . More specifically, and as presented previously in this Section, the general behavior of prism targets is regressive meaning that while displacements increase due to external disturbing factors such as rainfall they decelerate as soon as the factors are removed and tend to return to normal conditions. This type of movement favors the overall slope stability despite the ongoing displacements. In cases, though, of a prolonged effect of external factors (displacements) it is possible to overcome a critical threshold that may lead to a further generalized instability.
The following two sections aim to evaluate the impact that the location of meteorological stations, the instrumental errors and the frequency of measurements used for this analysis have on the overall analysis. Figure 4 shows the location of the two nearest weather stations to the Mavropigi mine. The first station is located 9 km northwest of the mine in the town of Ptolemais (Pt-LG26) and the second is 1 km east of the Mavropigi mine (Mv-LGZ9). The Mavropigi station provides data since April, 2014. For displacements prior to April 2014, precipitation data from the Ptolemais station have been used. In order to check the reliability of each weather station their daily precipitation records are plotted and presented in Figure 5 .
EFFECT OF THE LOCATION OF THE WEATHER STATIONS
As can be seen from Figure 5 , there are dates where high precipitation is recorded in one station while significantly lower values are recorded in the other station, e.g. the precipitation values on 02/09/2014. On that date the Ptolemais station recorded 41.6 mm, while the Mavropigi station recorded almost 50% lower precipitation with 20.4 mm of rain. Furthermore, there are dates where no data are available on the Ptolemais station, e.g. on 02/12/2014, whereas the Mavropigi station recorded a high precipitation of 43.4 mm. Therefore, a significant variation in the precipitation data from different stations is observed (Fig. 6) . 
Figure 5. Precipitation versus time from two weather stations
It is very important that rainfall values are recorded close to the study area, because local climatic conditions can produce significantly different rainfall conditions. Consequently, for this study, the evaluation of displacements should not be unconditional, but should also consider other factors that relate to local conditions, such as the implementation of the exploitation plan at the mine. In periods where large movements are observed, mine operations are appropriately modified to either counteract such movements or avoid mobilized areas.
"B" Conveyors 
INSTRUMENT ACCURACY AND FREQUENCY OF MEASUREMENTS
Another important outcome from the evaluation of the available measurements are the negative values of velocity shown in the graph of velocity versus time (Fig. 3,8) . In order to investigate this effect, measurements obtained by prism targets located at the area of the "B" Conveyors were further analyzed. More specifically, targets 5b, 5b.2, stb_5b3, 6neo, stb_6n and 8b (Fig. 7) were chosen as they include measurements in the period being studied. The negative velocity values is a strong indicator of measurement accuracy since the slope is only moving forward and it only represents the measurement difficulties in vector displacement when movements are quite small. More specifically, for very short time intervals between measurements (i.e., 1 day), and when the recorded movements are small, aggregate vector displacement curves show that the slope moves "forward" and "backward", which is not feasible (Fig. 9) . This "apparent" movement is due to the accuracy of the total station in the measurement of angles, which affects the calculated position of the prism target and, therefore, the magnitude of the aggregate displacement vector. The positive and negative velocity values that are calculated and plotted, are only present in cases of small daily movements, i.e. <10mm. When the magnitude of movements increase above this value or the frequency of measurements decreases to more than a couple of days, negative velocity values do not appear and a smoother displacement vector curve is generated.
Α high accuracy (0.5cc) total station was used to measure movement vectors, but even with the higher accuracy instrument, vector displacements measured in locations with no movement or very small movement, again may result in a positive or negative change in velocity calculations. A reduction in such errors for very small displacements, which is not the case for most of the measurements in this study, can be accomplished by calculating only the direct distance between observation station and target prism; under such conditions the angular measurement errors are eliminated.
In order to verify the effect of measurement frequency in the fluctuation of velocity, fewer measurements were selected for each of the above targets to create the same graph, so that the time gap between measurements is increased to 5 -10 days. Results are shown in Figure 10 , where a smooth change in velocity is observed that takes only positive values. This outcome shows that errors are reduced so that measurements are more reliable. For example, regarding the 5b.2 target (green line in Figures 8 and 10 ), there are 11 measurements for the period between 25/08/2014 -17/09/2014 (i.e., red rectangle in Figure 8 ) and the time gap between them is 1 -4 days, with a fluctuation of velocity that ranges from 33 mm/day to -14 mm/day. Comparatively for the same period (i.e., red rectangle in Figure 10 ), the number of records decreases to 4 and the time gap increases to 6 -9 days, with a mean movement rate of 4 mm/day. The velocity (rate) is calculated based on the time interval of the measurements so in the latter case the velocity curve appears smoother. It was found that there is a strong correlation between precipitation and daily movement for the areas of south and southwest slopes of the Mavropigi mine. The maximum daily movement after intense rainfall is usually observed with a time-lag of 1-2 days and remains high for a period of 3-8 days. For a daily precipitation less than 15 mm, negligible values of daily movement is observed and a movement rate of about 15 mm/day was observed. For a daily rainfall value between 15 and 40 mm the maximum movement rate ranges from 20 -25 mm/day. For precipitation values higher than 40 mm, the mean daily movement increases to 50 -150 mm/day during the 8 days following intense rainfall in the area of the "A" conveyors and to 20 -40 mm/day during the 7 days following the rainfall event at the southwest slopes, where the "B" conveyors are installed.
The location of the weather station used to obtain precipitation data is directly related to the quality of the correlation between rainfall and slope movements. When the weather station is close to the study area the correlation between displacements and precipitation is more reliable. In cases where no data are available from a weather station near the study area, correlation results may be inaccurate. In addition, the role of mining operations should also be included in the evaluation of slope movements.
Furthermore, it has been observed that for daily movements lower than 10 mm/day, calculated rates may not be accurate due to low accuracy in measured displacements. Such inaccuracies can be reduced by increasing the time interval used to calculate movement rate values. Obviously, movement values used as thresholds are directly related to the accuracy of the surveying instrument(s).
Finally, the area of the south slopes of the Mavropigi mine shows a regressive type of movement, which is steady and higher in the area of the "A" conveyors. Daily movements decelerate and return to a constant average rate after external factors, such as precipitation or the increase of the inclination, are removed. This behavior is beneficial to the operation of the mine, since the observed increase of movements is associated to external events which can either be controlled (reduction of the inclination, discharge) or just end (e.g., heavy rainfall). In any case, the measured data must be analyzed in conjunction with the external factors and appropriate remediation methods or precautions measures should be selected.
